(19) 



J) 



EuropSisches Patentamt 
European Patent Office 
Office europeen des brevets 




(11) 



EP 0 792 726 A1 



(12) 



EUROPEAN PATENT APPLICATION 

published in accordance with Art. 158(3) EPC 



(43) Date of publication: 

03.09.1997 Bulletin 1997/36 

(21) Application number: 96931245.3 

(22) Date of filing: 18.09.1 996 



(51) Intel. 6 : B25J 9/22 

(86) International application number: 
PCT/JP96/02688 

(87) International publication number: 

WO 97/10931 (27.03.1997 Gazette 1 997/1 4) 



CO 
CsJ 

CM 



(84) Designated Contracting States: 
DE 

(30) Priority: 18.09.1995 J P 238469/95 

(71) Applicant: FANUC LTD. 
Minamitsuru-gun, Yamanashi 401-05 (JP) 

(72) Inventors: 

• WATANABE, Atsushi, 
N-3 Fanuc Hattsufuji 

Minamitsuru-gun, Yamanashi 401-05 (JP) 

• TERADA Tomoyuki, 
Room 5-308 

Fanuc Manshon-Harimomi 
Minamitsuru-gun, Yamanashi 401-05 (JP) 



• KAIHORI, Hirotsugu, 
Room 303, 
Erukasa Choshi 
Kyoto-shi, Kyoto 615 (JP) 

• OUMI, Tatsuya, 
Room 12-603, 

Fanuc Manshon-Harimomi 
Minamitsuru-gun, Yamanashi 401-05 (JP) 

• SAKAMOTO, Shinsuke, 
Fanuc Dai-1 Vira-karamatsu 
Minamitsuru-gun, Yaman ashi 401-05 (JP) 

(74) Representative: Billington, Lawrence Emlyn et al 
Haseltine Lake & Co., 
Imperial House, 
15-19 Kingsway 
London WC2B 6UD (GB) 



(54) TEACH PENDANT 

(57) A robot teaching pendant is furnished with a 
display device (6) having a graphic display function, and 
display data, such as the movement of a robot and 
taught points, are generated by display data generating 
means (4) based on the robot programs (1a) and the 
like stored in data storage means (1) by buffering the 
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data from a robot controller, and are displayed on the 
display device (6). Thus, the action of the robot can be 
visually recognized with ease, and the robot can be 
taught easily and accurately. 
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Description 

Technical Field 

The present invention relates to a robot teaching 
pendant for teaching and controlling a robot. 

Background Art 

Each robot teaching pendant is usually provided 
with an operator panel for teaching, character-based 
display device, etc. The robot is taught and operated by 
using such teaching pendants while watching the 
motion of a robot arm. 

Such a character-based display device is capable 
of displaying only alphabet letters, figures. Chinese 
characters, and Japanese characters but not capable of 
graphically displaying the spatial relations among taught 
points and the like, so that it is difficult for an operator to 
have intuitive recognitions. Although the spatial position 
and motion of the robot arm are expected to be dis- 
played graphically, they can be expressed only in 
numerical values or the like. Thus, it has been no easy 
matter for the operator to operate the robot using a robot 
teaching pendant. 

Disclosure of the Invention 

The object of the present invention is to provide a 
robot teaching pendant capable of displaying the motion 
of a robot, whereby robot operation can be recognized 
visually. 

In order to achieve the above object, a robot teach- 
ing pendant according to the present invention com- 
prises: at least one of data storage means for 
temporarily storing robot programs from a robot control- 
ler and means for reading a robot programs within the 
robot controller one by one; display data generating 
means for generating display data from the robot pro- 
grams; a display device for graphically displaying the 
display data generated by the display data generating 
means; and an operator panel for operating the robot. 

Further, this robot teaching pendant comprises 
means for converting three-dimensional data of the 
robot programs into two-dimensional data which can be 
obtained by projecting the three-dimensional data in a 
specific viewing direction, in order to display the three- 
dimensional data in two dimensions on the screen of the 
display device. 

These display data include position data on taught 
points, coordinate data according to a tool coordinate 
system for the tool center point (TCP) of the robot at 
each taught point, data on the current position of the 
robot, and the like. 

Preferably, the display device is provided with a 
touch-panel on the display screen thereof, and an oper- 
ation command for moving the robot to the position of 
one specified taught point is generated by operation 
command generating means when the one taught point, 



among the taught points displayed on the screen of the 
display device, is specified through the touch-panel. 

Further, the robot teaching pendant comprises 
movement plane specifying means for specifying a 

5 plane on which the taught points move, and operation 
command generating means which, specifying one of 
the taught points which are displayed on the screen of 
the display device by means of the touch-panel and also 
specifying the moving direction, cause the robot to 

io move on the plane including said specified taught point, 
specified by said movement plane specifying means, in 
response to specifying operations of the taught points 
and moving direction. 

According to the robot teaching pendant of the 

15 present invention, as described above, a graphic dis- 
play, function is provided and is designed so that three- 
dimensional display data, such as the three-dimen- 
sional movement of the robot and taught points, can be 
displayed in two dimensions in a manner such that an 

20 operator can easily confirm them by watching the dis- 
play. As a result, the action of a robot can be recognized 
visually and with ease, so that easy and accurate teach- 
ing operation can be performed. 

25 Brief Description of Drawings 

FIG. 1 is a block diagram showing elements that 
constitute a robot teaching pendant according to 
the present invention; 
30 FIG. 2 is a diagram schematically illustrating a state 
in which a robot is taught or operated through a 
robot teaching pendant according one embodiment 
of the present invention connected to a robot con- 
troller; 

35 FIG. 3 is a diagram showing the details of the exter- 
nal appearance of the robot teaching pendant 
which is schematically shown in FIG. 2; 
FIG. 4 is a diagram showing a first Display example 
displayed on a graphic display device of the robot 

40 teaching pendant shown in FIG. 3; 

FIG. 5 is a diagram showing a second display 
example displayed in like manner; 
FIG. 6 is a diagram showing a third display example 
displayed in like manner; 

45 FIG. 7 is a diagram showing a state in which one of 
taught points of robot programs displayed on the 
display screen of the graphic display device of the 
robot teaching pendant of FIG. 3 is specified and 
moved on the display screen; 

so FIG. 8 is a diagram showing a state in which a point 
specified by using a pop-up menu displayed on the 
display screen of the graphic display device of the 
robot teaching pendant of FIG. 3 is moved; and 
FIG. 9 is a diagram showing an example of a nard- 

55 ware configuration for carrying out the present 
invention. 
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Best Mode for Carrying Out the Invention 



Referring first to the block diagram of FIG. 1 , a com- 
position of a robot teaching pendant according to the 
present invention will be described. 5 

A robot program la for operating a robot delivered 
from a robot controller is temporarily stored in data stor- 
age means 1. The data storage means 1 stores the 
shape data indicative of various shapes, such as the 
shape of a workpiece member, shape of the robot, io 
shape of peripheral equipment, etc., besides the robot 
program 1a read from the robot controller. Based on this 
robot program 1a, a display data generating means 4 
generates display data indicative of, e.g., teaching 
points and a path for the robot, delivers the generated is 
display data to a display device 6, and causes the dis- 
play device 6 to graphically display the taught points. 
Furthermore, based on shape data 1b stored in the data 
storage means 1, the display data generating means 4 
causes the display device 6 to display the robot shape 20 
and the like. The robot programs 1a may be read with 
remote control one by one directly from the robot con- 
troller without being temporarily stored in the data stor- 
age means 1. In this case, a block designated by 
numeral 1 serves as program reading means. 25 

Teaching or operation of a robot is carried out 
through an operator panel 2. The operator panel 2 is fur- 
nished with an emergency slop button and control 
switches, in the form of jog buttons and the like, for man- 
ual operation of the robot. The operation of the control 30 
switches on the operator panel 2 is applied to the input 
of operation command generating means 5, and deliv- 
ered as an operation command to the robot controller. 
Also, the operation is applied to the input of the display 
data generating means 4, converted into display data 35 
indicative of the operating conditions of the robot and 
displayed on the display device 6. 

A touch-panel 3 is fitted on the display screen of the 
display device 6. By touching the touch-panel 3 with a 
finger tip, an operator can select or indicate menu but- 40 
tons or taught points displayed on the display screen. 
Since this touch-panel 3 is also used as an operation 
input means such as jog buttons other than the emer- 
gency stop button and deadman switch, it may be con- 
nected to the display data generating means 4 or the 45 
operation command generating means 5 for operating 
the robot. 

Referring now to FIG. 2, described schematically is 
a state in which the robot is taught or operated through 
a robot teaching pendant according one embodiment of so 
the present invention connected to the robot controller. 

A robot teaching pendant 10 comprises control 
switches 30 used for manually operating or teaching the 
robot, a graphic display device 40 capable of graphic 
displaying, and a touch-panel 40a attached to the dis- ss 
play screen of the graphic display device 40. This robot 
teaching pendant 10 is connected to a robot controller 
60, which is located adjacent to a robot mechanical sec- 
tion 70, through an operation box 50 that is located out- 



side a safety fence 80. The operation box 50 is a remote 
operation unit that can separately operate operating 
parts, e.g., a power switch, emergency switch, etc., of 
the robot controller 60, from outside the safety fence 80. 
Carrying the robot teaching pendant 10, the operator 
can watch the movement of an arm of the robot 
mechanical section 70 on the other side of the fence as 
he operates the touch-panel 40a and the control 
switches 30 to teach the robot or manually operate the 
robot. 

FIG. 3 shows the details of the robot teaching pen- 
dant 10 which is schematically shown in FIG. 2. 

The robot teaching pendant 10 comprises the 
graphic display device 40. and an operator panel 
located on the right of the device 40 is provided with var- 
ious control switches. More specifically, an emergency 
stop button 31, teaching pendant enabling switch 32 
jog buttons 33, hold key (HOLD) 34, and forward and 
backward keys 35 (keys FWD and BWD) are arranged, 
and moreover, a deadman's switch is provided on the 
back of this robot teaching pendant 10. The emergency 
stop button 31 is used to stop the robot in case of emer- 
gency, while the teaching pendant enabling switch 32 
enables the robot teaching pendant 10 to carry out jog 
feed, programming, and testing and disable it for 
safety's sake in other cases. The jog buttons 33, which 
serve for manual operation of the robot, include keys for 
specifying the feed in the X-, Y-, and Z-axis directions . 
and rotation around the individual axes. The hold key 34 * 
is used to interrupt the execution of the program, z 
thereby suspending the operation of the robot, while the - 
forward and backward keys 35 are used to start the pro- 
gram, thereby actuating the robot. 

The graphic display device 40 is provided with the 
touch-panel 40a on its display screen. By touching any 
spot on the screen with a finger tip, the operator can 
enter position information on the screen, corresponding 
to the touched spot, into the robot teaching pendant 1 0. 
Several keys displayed at the right-hand and lower ends 
on the display screen of the graphic display device 40 
are not hard keys but main menus that are always dis- 
played in those positions on the screen. If any of them is 
fingered, the corresponding menu function is selected. 
Among these keys, USER is a user key; POS. posture 
key; EDIT, edit key; GPX, graphic key; TP. torch posture 
key; CA, interference avoidance key; PAL TOOL, pallet 
tool key; OP PNL, operator panel key; MENU, menu 
key; AUX, auxiliary key; and PAUSE, pause key. 

Described referring to FIGS. 4. 5 and 6 are exam- 
ples displayed on the graphic display device 40 of the 
robot teaching pendant 10 shown in FIG. 3. 

In the example shown in FIG. 4. taught points 41 
are displayed on the display screen of the graphic dis- 
play device 40 on the basis of three-dimensional data in 
buffered robot programs from the robot controller. The 
three-dimensional data are displayed by using three- 
dimension-to-two-dimension conversion data that are 
obtained by projecting the three-dimensional data from 
specified viewpoints on a two-dimensional plane. Here 
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the taught points 41 are represented by symbol "X". A 
path 42 that extends past these taught points 41 are dis- 
played with broken lines, whereby three-dimensional 
display in a certain viewing direction is made possible. 
At the same time, the current position of the robot can 
also be displayed. In this case, a current tool center 
point coordinates (TCP coordinates) 43 of the robot is 
distinguished from the taught points 41 by symbol "O" 
as it is displayed. In this manner, the taught points 41 of 
the robot programs can be graphically displayed in three 
dimensions, and, if necessary, the current position of 
the robot, that is, the current TCP coordinate 43 of the 
robot can be displayed at the same time. Among the 
keys appearing on the screen of the display device 40 in 
FIG. 4, DS is for shape display; DC, for coordinate sys- 
tem display; DP, for taught point display; OVL, for over- 
lapping; UP, for upward; FRONT, for front; L, for left; R, 
for right; BACK, for back; VIEW, for viewpoint; DIR. for 
viewing direction; and ZOOM, for enlargement. 

In the example shown in FIG. 5, coordinate axes 44 
are displayed for each of the taught points 41 of the 
robot programs displayed on the display screen of the 
graphic display device 40. The coordinate axes 44 are 
represented by three lines, X-, Y-, and Z-axes, whereby 
the coordinate axes 44 of a tool coordinate system for 
the TCP of the robot at each taught point 41 are dis- 
played. As the coordinate axes 44 are displayed on 
each taught point, the posture of the robot at each 
taught point 41 can be identified. 

In the example shown in FIG. 6, a shape near the 
TCP of the robot is graphically displayed on the display 
screen of the graphic display device 40, together with 
the taught points 41 of the robot programs. In FIG. 6, a 
robot arm 45a, a torch holder 45b, and a torch 45c. as 
well as the taught points 41 of the robot programs, are 
displayed on the display screen of the graphic display 
device 40. Thus, the operator can recognize the taught 
points 41 and the postures of the torch 45c at the taught 
points 41 in three dimensions. 

Besides the shape near the TCP of the robot, the 
respective shapes of the peripheral equipment and the 
workpiece member may be displayed on the display 
screen of the graphic display device 40. Furthermore, in 
the case where coordinate axes 44a of a tool coordinate 
system for the TCP or coordinate axes 44b of a user 
coordinate system or the base (not shown) of the robot, 
for example, is displayed, coordinate axes of a world 
coordinate system can be simultaneously displayed in 
the vicinity of the base. 

Furthermore, in a jog feed mode, when the jog but- 
ton is depressed to move the robot manually, an arrow 
46 indicative of the direction of action of the robot corre- 
sponding to a depressed jog button is displayed before 
the robot actually operates. Alternatively, in a jog feed 
confirmation mode, the arrow 46 indicative of the direc- 
tion of action of the robot corresponding to a depressed 
jog button may be displayed instead of actual operation 
of the robot when the jog button is depressed. By doing 
so, the behavior of the robot can be confirmed on the 



graphic display device 40 before the robot actually oper- 
ates. 

Furthermore, in a program testing mode, an arrow 
indicative of the direction in which the robot starts to 
5 operate is displayed before the robot actually begins to 
move when a test is executed to try to reproduce the 
robot programs, that is. when the forward or backward 
key (key AD or RT) is depressed, in the same shape as 
the arrow 46 to be displayed when a jog is executed, for 
w example. 

Referring now to FIGS. 7 and 8. an operation for 
specifying one of the taught points 41 of the robot pro- 
grams displayed on the display screen of the graphic 
display device 40 will be described. 
15 If one taught point 41a. among the taught points 
displayed on the graphic display device 40, is selected 
and its corresponding spot is fingered, the touch-panel 
recognizes the taught point 41a from a display coordi- 
nates of the fingered spot of the screen. Thereupon, a 
20 pop-up menu 47 for "OPERATION OF TAUGHT POINT" 
appears on the screen. If "MOVE TO" is specified from 
the pop-up menu 47, that is, if the part of the pop-up 
menu 47 for "MOVEMENT is touched, the current posi- 
tion (TCP position) of the robot can be moved to the 
25 specified taught point 41 a. Let it be supposed, for exam- 
ple, that the current position of the robot is represented 
by a symbol of "O" that is designated by numeral 43a 
on the display screen of the graphic display device 40. 
In this case, if "MOVE TO" is commanded, as shown in 
30 FIG. 8 after the taught point 41a is fingered, then the 
robot will be actually moved to the taught point 41 a, and 
at the same time, the symbol "O" displayed on the 
screen will also move toward the taught point 41a, as 
indicated by the dotted-line arrow in FIG. 8. 
35 Specifying by fingering one of the taught points 
being displayed on the graphic display device 40 and 
moving the finger, keeping contact with the touch-panel, 
in a direction as indicated by an arrow 48, the taught 
point 41a will move to the destination of the finger, fol- 
40 lowing the movement of the finger. It is necessary, how- 
ever, to specify in advance the plane on which the 
taught point moves before the operation for moving the 
taught point is carried out. For example, a plane perpen- 
dicular to the viewing direction or a plane to be defined 
45 by three-point designation or the like is specified in 
advance. After the plane for taught point movement is 
first defined, the taught point is then specified. When 
this taught point is moved on the screen, this results in 
that the taught point has moved on the previously 
so defined plane including the taught point. Further, in 
response to this movement of the taught point, the robot 
can be moved following the movement of the taught 
point within the previously defined plane. 

Referring now to FIG. 9, an example of the hard- 
55 ware configuration of the robot teaching pendant 1 0 will 
be described. 

The robot teaching pendant 10 comprises a proc- 
essor (CPU) 1 1 , a read-only memory (ROM) 12, a main 
memory (RAM) 13, a hard disk device 14, a PCMCIA 
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socket 15, conforming to the PCMCIA (Personal Com- 
puter Memory Card International Association) standard, 
provided for loading an IC card 15a, a liquid crystal dis- 
play (LCD) interface 16, a touch-panel interface 17, a 
serial input/output (I/O) interface 18 to be connected to 5 
the robot controller 60 through the operation box 50, 
and a switch interface 19. These components are con- 
nected to one another by means of a bus 20. 

The robot teaching pendant 10 further comprises a 
liquid crystal display device 40 connected to the liquid io 
crystal display (LCD) interface 16, a touch-panel 40a 
connected to the display surface of the liquid crystal dis- 
play device 40 and to the touch-panel interface 17, and 
the control switches 30 connected to the switch inter- 
face 19. 15 

The processor 11 generally controls the robot 
teaching pendant 10. The read-only memory 12 is 
stored with a program necessary for starting up the 
robot teaching pendant 10. Developed in the main 
memory 13 are programs necessary for teaching oper- 20 
ation for the robot, data necessary for screen display, 
etc. The hard disk device 14 is loaded with an operating 
system, application programs for instructing the execu- 
tion and editing of the robot programs, and the like. The 
IC card 15a is stored with, for example, the robot pro- 25 
grams. The robot a teaching pendant 10 can be enabled 
to fetch the robot programs by loading the IC card 15a 
into the PCMCIA socket 15. Further, the robot programs 
can be loaded into the robot controller through the serial 
input/output interface 18. 30 

The control switches 30, which are connected to 
the switch interface 19, include an emergency stop but- 
ton, teaching pendant enabling switch for enabling the 
robot a teaching pendant to carry out jog feed and the 
like, jog buttons for the manual operation of the robot, a 35 
hold key for interrupting the execution of the program to 
suspend the operation of the robot, forward and back- 
ward keys for starting the program to actuate the robot, 
and a deadman switch for enabling the teaching pen- 
dant while depressed during the operation of a robot 40 
and performing an emergency stop when released of 
depressed with a force greater than a predetermined 
value. 

Claims 4S 

1 . A robot teaching pendant for teaching or operating 
a robot, comprising: 

at least one of data storage means for tempo- so 
rarily storing robot programs from a robot con- 
troller and means for reading a robot program 
within the robot controller one by one; 
display data generating means for generating 
display data from said robot programs; 55 
a display device for graphically displaying the 
display data generated by said display data 
generating means; and 
an operator panel for operating said robot. 



2. A robot teaching pendant according to claim 1, 
which further comprises means for converting 
three-dimensional data of the robot programs into 
two-dimensional data which can be obtained by 
projecting the three-dimensional data in a specific 
viewing direction, in order to display the three- 
dimensional data in two dimensions on the screen 
of said display device. 

3. A robot teaching pendant according to claim 2, 
wherein said display data include teaching data. 

4. A robot teaching pendant according to claim 3. 
wherein said instruction data include data on taught 
points. 

5. A robot teaching pendant according to claim 3, 
wherein said teaching data include data on taught 
points and data on the coordinate axes of a tool 
coordinate system for the tool center point (TCP) of 
the robot at each taught point 

6. A robot teaching pendant according to claim 4, 
wherein said display data include data on the cur- 
rent position of the robot, besides the taught point 
data. 

7. A robot teaching pendant according to claim 1, 
which further comprises shape data storage means * 
for storing data representing shapes such as ? 
shapes of the robot, peripheral equipment, work- 
piece member, and the like. 

8. A robot teaching pendant according to claim 4 or 7, 
wherein said display data further include at least 
one coordinate system selected from among a tool 
coordinate system, world coordinate system, and 
user coordinate system, along with coordinate axis 
data. 

9. A robot teaching pendant according to claim 1, 
wherein said teaching pendant has jog buttons and, 

said display data include data capable of 
graphically displaying the direction of action of 
the robot corresponding to a depressed jog 
button therefor on the screen of the display 
device before or instead of operating said robot 
when the jog button is depressed. 

10. A robot teaching pendant according to claim 1, 
which further comprises a key for starting the pro- 
gram to actuate the robot, and wherein said display 
data include data capable of graphically displaying 
the direction in which the robot starts to operate on 
the screen of the display device before the robot 
actually begins to move when the key is depressed. 

11. A robot teaching pendant according to claim 1. 
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wherein said display device is provided with a 
touch-panel on the display screen thereof. 

12. A robot teaching pendant according to claim 10, 
which further comprises operation command gen- s 
erating means for generating an operation com- 
mand for moving the robot to the position of one 
specified taught point when the one taught point, 
among the taught points displayed on the screen of 
said display device, is specified through said touch- 10 
panel. 

13. A robot teaching pendant according to claim 1, 
which further comprises movement plane specify- 
ing means for specifying a plane on which the is 
taught points move, and operation command gen- 
erating means which, specifying one of the taught 
points which are displayed on the screen of the dis- 
play device by means of the touch-panel and also 
specifying the moving direction, cause the robot to 20 
move on the plane including said specified taught 
point, specified by said movement plane specifying 
means, in response to specifying operations of the 
taught points and moving direction. 

25 

14. A robot teaching pendant according to claim 1, 
wherein said display is a liquid crystal display 
device. 
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